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ARTICLE INFO ABSTRACT

Article history: This study investigates interprovincial rice food security in Indonesia as
a strategic pillar of national defense. Using a quantitative predictive
approach, the Random Forest Regressor algorithm was applied to
multidimensional data from all provinces, incorporating variables such
as rice expenditure per capita, rice price, production, population,
consumption, and harvested area. The results show significant disparities
Keywords: between provinces: surplus regions such as East Java, Lampung, and
South Sulawesi contrast sharply with deficit areas like Jakarta, Papua, and
Bangka Belitung. Feature importance analysis reveals that supply-side
factors, particularly harvested area (50.5%) and production (33.2%), are
the most decisive, while demand-side factors have weaker influence.
Model evaluation achieved an R? of 0.8239, confirming strong predictive
reliability. These findings underscore that rice food security is not only
an economic and social issue but also a critical aspect of non-military
defense. Strengthening predictive systems and interprovincial
distribution networks is essential to ensure resilience against disruptions
from disasters, conflicts, or geopolitical instability. The study highlights
the practical value of machine learning models in guiding evidence-based
policy to secure national food sovereignty.
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1. INTRODUCTION

Food security has long been regarded as one of the main foundations of sustainable development and
national stability (Clapp et al., 2022; Pachapur et al., 2020). In the Sustainable Development Goals
(SDGs), particularly the second goal of Zero Hunger, food is an important indicator in measuring the
success of global development (Atukunda et al., 2021). In Indonesia, rice occupies a strategic position
because it is the staple food for most of the population, so that price stability and availability have a
direct impact on inflation, poverty, and social stability (Alifnur Harmawan & Mulyati, 2024; Yusrin,
2023). Furthermore, rice food security is also closely related to the dimension of non-military defense,
as food supply instability can trigger social unrest, reduce community resilience, and even weaken
national sovereignty (Cook & Nair, 2021; Hidayana et al., 2022). Thus, strengthening a data-based food
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security prediction system is a strategic necessity to strengthen the nation's competitiveness and
resilience.

Although the Indonesian government has launched various food security programs such as
the Government Rice Reserve (CBP), the Food Estate program, food diversification, and strengthening
distribution through Bulog and the National Food Agency (Bapanas), the reality on the ground still
shows significant disparities (Alta, 2023; Widowati et al., 2024). Disparities between provinces in terms
of availability, consumption, prices, and distribution of rice continue to occur, creating areas of surplus
and deficit that are not balanced (Fitrawaty et al., 2023; Fristin & Supanto, 2021). This situation
becomes even more complex when viewed from a national defense perspective: in an uncertain
geopolitical context, including the potential for regional and global conflict, Indonesia's dependence
on food imports is a serious vulnerability. If international trade routes are disrupted due to war or
embargoes, Indonesia will face great difficulties in meeting its food needs, making domestic
production independence an absolute requirement for ensuring national security (Ben Hassen & El
Bilali, 2022; Larasati & Hana, 2025).

This study aims to develop a model for predicting inter-provincial rice food security in
Indonesia using the Random Forest Regressor algorithm. By integrating key variables such as per capita
rice expenditure, price of rice per kilogram, rice production, per capita rice consumption, population,
and rice crop harvest area, this study seeks to produce more accurate and comprehensive projections.
This prediction model is expected to assist the government in identifying provinces that are vulnerable
to food shortages, formulating more efficient distribution strategies, and designing evidence-based
policies to strengthen national food security.

Although food security has been widely studied, most research is still limited to national
descriptive analysis or simple linear models (Allee et al., 2021). In fact, multidimensional data is readily
available and has great potential to be processed within a modern predictive framework. This gap
becomes even more important when linked to the context of national defense and geopolitics. Using
Random Forest Regressor, this study attempts to fill this methodological and empirical gap, while
providing a stronger analytical basis for anticipatory food policies.

The novelty of this research lies in the application of the Random Forest Regressor algorithm
to predict inter-provincial rice food security in Indonesia by utilizing multidimensional indicators
simultaneously. The justification for this research is further strengthened by the fact that food,
especially rice, is not merely an economic commodity but also a strategic component of non-military
defense. Amid global geopolitical uncertainty, where rice import routes can be disrupted by war or
embargoes, food self-sufficiency based on domestic production is a key factor in maintaining national
stability. Therefore, this research not only contributes academically by enriching the literature on food
security through a machine learning approach, but also contributes practically by providing a
predictive model that can support public policy in strengthening food security as a pillar of national
defense.

2. RESEARCH METHOD
Research Design

This study uses a quantitative design with a predictive approach based on machine learning.
The model chosen is Random Forest Regressor, which is known to be effective in handling non-linear
data and capable of integrating multidimensional variables to produce more accurate and stable
predictions (Shanmugasundar et al., 2021; Zhou et al.,, 2023). This design was chosen because it is
relevant for identifying complex relationships between variables that affect rice food security in
Indonesia at the provincial level. With this approach, the study seeks not only to provide numerical
estimates, but also to provide a comprehensive understanding of the main factors that influence
disparities in food security between regions.
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Population and Research Sample

The research population covers all provinces in Indonesia as the unit of analysis, given that
rice food security varies significantly between regions and is a major commodity in national food
consumption. The research sample was taken comprehensively (census sampling), as data was
available for all provinces, enabling a more holistic analysis of rice food security (BPS, 2025). With this
method, differences in food conditions between provinces can be analyzed in detail. The main
variables used include six indicators relevant to food security, namely: (1) per capita rice expenditure
(Rp) as an indicator of the economic burden of households on food consumption, (2) the price of rice
per kilogram (Rp) as a factor in food economic stability, (3) rice production (tons) which indicates the
capacity of local food availability, (4) population as a variable of food demand, (5) annual rice
consumption per capita (kg) which reflects the level of community dependence on rice, and (6) rice
crop harvest area (ha) as a production variable related to land capacity and agricultural efficiency.

Table 1. Research Dataset

Per capita Rice Annual per Rice crop
. rice Rice price . . capita rice harvest area
Province . production Population -
expenditure  per kg (Rp) consumption (ha)
(tons)
(Rp) (kg)

Aceh 1185756 15670 956278.09 5554800 86.164 301196.35
fﬁ?rztera 1375244 15230 1264752.48 15588500 94.692 419463.48
;‘;gitera 1228240 17420 785425.72 5836200 78.572 295278.98
Riau 1108640 16220 127438.73 6728100 75.244 56421.96
Jambi 1108640 15830 162563.9 2183300 75.244 61625.68
Papua Barat

981136 18440 24.2 616100 46.28 9.66

Daya

Data Collection Techniques

This research uses secondary data sourced from official publications by government agencies,
specifically the Central Statistics Agency (BPS), the Ministry of Agriculture, and the National Food
Agency for 2024. The dataset used is from 2024, which was chosen because it is the most recent and
relevant to the current state of national food security. The selection of 2024 also provides a more up-
to-date context on post-pandemic conditions, climate change, and global geopolitical dynamics that
may affect food supply (BPS, 2025). The collected data was then compiled into tables consisting of
columns according to the main variables, namely province, per capita rice expenditure, rice price per
kilogram, rice production, population, per capita rice consumption, and rice harvest area. Before being
used in the analysis, data preprocessing was carried out, including cleaning the data of recording
errors, standardizing measurement units, normalizing values so that they could be compared fairly,
and handling missing values so that they would not affect the prediction results.

Data Analysis Techniques

Data analysis was conducted in four main stages. First, exploratory data analysis (EDA) was
performed to understand data distribution, rice consumption and production trends, and correlations
between variables. This stage was important for detecting initial patterns that could explain the
relationship between economic, demographic, and agricultural factors and food security. Second, the
dataset was divided into a training set and a test set to build and measure the performance of the
prediction model. Third, the Random Forest Regressor algorithm was applied with parameter settings
optimized using grid search or cross-validation techniques to improve model performance. This
algorithm was chosen because it reduces the risk of overfitting and provides stable prediction results
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even with complex data. Fourth, the prediction results were evaluated using statistical metrics such as
Mean Absolute Error (MAE), Root Mean Square Error (RMSE), and R-squared (R?) to assess the
accuracy, prediction error rate, and reliability of the model. The analysis results are then interpreted
to produce projections of interprovincial rice food security, which can ultimately be used as a basis for
consideration in formulating strategic policies in the field of food security and national defense.

FResearch Design:
Cuantitative, Predictve
Random Forest Regressor

"
Population & Sample:
All Provinces in Indonesia
[Census Sampling)

Data Collection:
EPS, Ministry of Agriculture,
National Food Agency (2024 Data)

Research Variables:
- Expenditure per capita (Rp)
- Rice Price per Kg (Rp)
- Rice Production (Ton)
- Population
- Consumption per capita (Kg)
- Harves Area |Ha)

1
Data Preprocessing: ‘

Cleaning, Normalization,
Handling Missing Values

L

Exploratory Data Analysis: ‘

Distribution, Trends,
Correlation

Modeling:
Train-Test Split,
Random Forest Regressor

Hyperparameter Optimization:
Grid Search / Cross-validation

Model Evaluation:
MAE. BMSE, B?

1
Interpretation & Policy Implication:
Food Security Prediction per Province

Figure 1. Research Flowchart
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The research process began with determining a quantitative predictive research design using
the Random Forest Regressor algorithm. All provinces in Indonesia were used as the population and
sample for the research using census sampling techniques. The data collected was sourced from official
institutions such as the Central Statistics Agency (BPS), the Ministry of Agriculture, and the National
Food Agency for 2024, reflecting the latest conditions related to national food indicators. The variables
used include per capita rice expenditure, rice price per kilogram, rice production, population, per
capita rice consumption, and rice harvest area. After the data was collected, pre-processing was carried
out in the form of cleaning, normalization, and handling of missing values so that the data was ready
for analysis.

The next step is exploratory data analysis (EDA) to understand the distribution of data, trends,
and correlations between variables relevant to rice food security. After that, the dataset is divided into
training data and test data to build a prediction model using Random Forest Regressor. Optimization
is carried out through grid search or cross-validation to obtain the best parameters. The model is
evaluated using the Mean Absolute Error (MAE), Root Mean Square Error (RMSE), and R-squared (R?)
metrics to ensure the accuracy of the predictions. Finally, the prediction results are interpreted to
produce an overview of rice food security between provinces as strategic input in the formulation of
food and national defense policies.

Random Forest Regressor

Random Forest Regressor is an ensemble learning algorithm that combines multiple
Decision Tree Regressors to produce more stable and accurate predictions (Bakir et al., 2024; Salman
et al.,, 2024).

1 B
§=%) T ®
b=1

with:

¥ = final predicted value,

B = number of trees in the forest,

Ty (x) = prediction results from tree-b

Evaluation Metrics
a. Mean Absolute Error (MAE)
Measures the average of the absolute value of the difference between the actual and predicted
values (Robeson & Willmott, 2023; Tatachar, 2021):
N

1
MAE =N_Zlyi -5l 2)
=

a. Root Mean Squared Error (RMSE)
A regression evaluation metric that measures the average prediction error by giving greater
weight to large errors (Chicco et al., 2021; Hodson, 2022). The formula is:

RMSE = (3)

c. Coefficient Determination (R?)
Assesses how much variation in the target data can be explained by the model (Naidu et al,,
2023; Rainio et al., 2024):

Bagus hendra saputra et al., Predicting Interprovincial Rice Food Security in Indonesia as a Pillar of
National Defense Using the Random Forest Regressor Algorithm



Journal of Defense Technology and Engineering | e-ISSN 3110-2484 O 34

Zz l(yl yl)z
R?=1- Vi D2 4
i — yl)zz( — ¥ ®
where
N
o1 )
Y=y Z, Vi (

R? = 1, means the prediction is perfect.
R? = 0, means that the model is no better than the average.
[t can be negative if the model is very bad.

3. RESULTS AND DISCUSSIONS
Result

The results of this study show that there are disparities in food security between provinces
in Indonesia based on data exploration analysis and predictive modeling using Random Forest
Regressor. From the results of Exploratory Data Analysis (EDA), it can be seen that provinces with
large production bases such as East Java, South Sulawesi, and North Sumatra are in a surplus position
because their rice production far exceeds domestic consumption needs. Conversely, provinces with
limited agricultural land, such as DKI Jakarta, Riau Islands, and Southwest Papua, tend to experience
food deficits and are highly dependent on supplies from other provinces. Correlation analysis
reinforces these findings by showing a very strong positive relationship (r > 0.85) between rice
production and harvest area, indicating that land capacity is a major determinant of rice-based food
availability in Indonesia. In addition, the price of rice per kilogram was found to be higher in provinces
with low productivity and high per capita consumption, especially in Papua and Maluku, thereby
increasing the economic vulnerability of communities in terms of food access. Population size also
plays a significant role as it is directly related to total rice consumption; provinces with dense
populations such as West Java and East Java, despite being surplus areas, still face major challenges in
terms of logistics distribution and stock management. At the modeling stage, the dataset was divided
into 80% training data and 20% test data, then the Random Forest Regressor algorithm was used with
parameter optimization through grid search to obtain the best results. The optimal parameter
combination was found to be n_estimators = 300, max_depth = 12, and min_samples_leaf = 2, which
provided the most stable prediction performance for key food security variables. These findings show
that the integration of exploratory analysis, inter-indicator correlations, and machine learning-based
predictive modeling can provide a comprehensive picture of the distribution of rice surpluses and
deficits in Indonesia. Thus, this study not only reveals disparities in food security between provinces
but also offers a predictive approach that can be used as a basis for formulating strategic policies in
distribution management, price control, and national food production planning. The figure illustrates
significant disparities in the rice-based food security index across provinces. Surplus-producing
regions such as East Java, South Sulawesi, and North Sumatra demonstrate relatively higher index
values, while provinces with limited agricultural capacity, including DKI Jakarta, Riau Islands, and
Southwest Papua, exhibit lower values, indicating greater dependency on interprovincial rice
distribution.
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Figure 2. Food Security Index per Province

The Food Security Index values show a clear disparity among Indonesian provinces. Provinces
such as Jawa Timur (19.03), Lampung (12.78), and Sulawesi Selatan (10.88) are strongly classified as
Surplus, indicating that their rice production is far higher than domestic demand. On the other hand,
provinces like DKI Jakarta (0.0019), Papua Barat Daya (0.0008), and Kepulauan Bangka Belitung
(0.0003) are in severe Deficit, suggesting a high dependency on external rice supply. A few provinces,
such as Jambi (0.99), fall close to the threshold and are classified as Balanced.
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Figure 3. Feature Importance on Food Seucity Index
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The Random Forest model analysis reveals critical insights into the determinants of rice-based
food security in Indonesia, where supply-side variables clearly dominate the predictive structure. The
model highlights that rice harvested area contributes the largest share of importance at 50.5%,
followed by rice production at 33.2%. These findings underscore that the extent and productivity of
agricultural land are the central pillars in securing stability within the food security index. In contrast,
demand-side and socio-economic factors such as population size (6.4%), rice expenditure per capita
(5.0%), and rice price per kilogram (3.2%) exert only moderate influence, while annual rice
consumption per capita contributes merely 1.6%. This disparity indicates that consumption patterns
or purchasing power alone cannot adequately explain inter-provincial variations in food security.
Instead, it is the robustness of the supply chain, anchored in agricultural capacity and output, that
remains decisive. From a broader perspective, this outcome carries significant implications for non-
military national defense. Food insecurity, if left unaddressed, can trigger social unrest, erode
community resilience, and ultimately weaken sovereignty, particularly in times of geopolitical
disruption when import routes may be threatened by conflict or embargoes. Strengthening domestic
agricultural capacity therefore becomes not only an economic necessity but also a strategic imperative
for national resilience. By prioritizing land management, yield improvement, and sustainable
production systems, Indonesia can enhance its food self-sufficiency, reduce external vulnerabilities,
and fortify the foundation of national stability in the face of global uncertainty.

Table 2. Metrics Result
Metrics  Value

MAE 0.8444
RMSE 1.3361
Rz 0.8239

Table 2 presents the performance evaluation of the Random Forest model in predicting the
Food Security Index across Indonesian provinces, providing a comprehensive picture of the model’s
reliability and practical relevance. The Mean Absolute Error (MAE) of 0.8444 suggests that, on average,
the model’s predictions deviate by less than one unit from the actual observed values, indicating a
fairly good level of accuracy in capturing general trends. This level of error is acceptable in the context
of complex, multidimensional data involving production, consumption, demographic, and economic
variables, and highlights the model’s robustness in approximating real-world conditions. The Root
Mean Squared Error (RMSE) of 1.3361, however, shows that although the model performs well overall,
there are certain provinces where prediction errors are larger, particularly in regions characterized by
extreme values of rice production or consumption. Such areas often deviate from the national trend
due to unique geographical, demographic, or distributional challenges, making them more difficult to
predict accurately. Despite this, the high R-squared (R?) value of 0.8239 indicates that approximately
82% of the variance in provincial Food Security Index values is successfully explained by the model,
underscoring its strong explanatory and predictive power. This high explanatory capacity
demonstrates that the selected features—particularly rice harvested area, production, and
population—are able to capture the underlying dynamics of food security effectively. Taken together,
these results affirm that the Random Forest model is not only statistically reliable but also practically
useful in informing policy decisions. The model’s outputs can serve as an evidence-based foundation
for identifying provinces at risk of food insecurity, guiding distribution strategies, and formulating
anticipatory policies. Consequently, it provides valuable insights for strengthening food security
governance and supports Indonesia’s broader agenda of ensuring national stability and resilience in
the face of uncertainty.

Discussions
The results of the study show that there are significant disparities in the food security index
between provinces in Indonesia, with several provinces such as East Java, Lampung, and South

Journal of Defense Technology and Engineering, Vol. 1, No. 1, July 2025 : pp 41-51



37 a e-ISSN 3110-2484

Sulawesi experiencing a surplus, while provinces such as DKI Jakarta, Southwest Papua, and the
Bangka Belitung Islands are experiencing a severe deficit. This disparity confirms that food security in
Indonesia is still greatly influenced by geographical conditions, production structures, and
interregional distribution. Provinces with large areas of land and high rice production are
automatically able to meet and even exceed domestic demand, while provinces with limited land and
high urbanization tend to depend on supplies from outside the region. These findings are in line with
the research by Yuliana et al. (2021), which emphasizes that food security in Indonesia is greatly
influenced by the spatial distribution of rice production and the capacity of regions to manage
agricultural land resources. However, this study makes a new contribution by presenting prediction
results based on the Random Forest algorithm, which not only captures factual conditions but also
provides quantitative estimates of the extent to which a province has a surplus or deficit. Thus, these
results reinforce the argument that agricultural development in Indonesia needs to focus on equalizing
the distribution of production between regions, not just increasing national production alone.

Feature importance analysis in the Random Forest model confirms that supply-side variables,
namely rice harvest area (50.5%) and rice production (33.2%), are dominant factors in determining the
food security index. Meanwhile, demand-side variables such as per capita rice consumption and rice
price per kilogram have a relatively small influence. This shows that food supply availability remains a
key factor in measuring food security, confirming the classical food security theory that availability is
a fundamental dimension. These results are in line with research by Suryana (2019), which states that
increased land productivity and production stability are the most influential factors in maintaining
food security in Indonesia, more significant than price and consumption factors. However, these
results differ from the study by Rahman & Saptana (2020), which highlights purchasing power and
household expenditure as the main determinants of food insecurity. This difference indicates diverse
contexts: the research by Rahman & Saptana focuses more on the household level, while this research
highlights dynamics at the provincial level. Thus, this research contributes to enriching the literature
by emphasizing the importance of a multi-level perspective in food security studies.

The performance of the Random Forest model in this study was relatively good, with an MAE
value of 0.8444, an RMSE of 1.3361, and an R? of 0.8239, which means that approximately 82% of the
variation in the food security index between provinces can be explained by the model. This accuracy
shows that the model is capable of representing the complex relationship between production,
consumption, and economic factors on the food security index. Compared to previous studies that
used classical econometric approaches or multiple linear regression, the accuracy of this model is
relatively higher. For example, research by Hidayat et al. (2020) using linear regression to predict rice
availability was only able to explain about 65% of the data variation, indicating the limitations of
traditional methods in capturing non-linear patterns. Thus, the application of machine learning in this
study provides significant methodological advantages, especially in processing data with high
variability between regions. Furthermore, the results of this study are in line with the findings of Putri
& Ananda (2022), which emphasize that ensemble learning-based algorithms such as Random Forest
tend to provide more stable and accurate prediction results in the context of agriculture. Therefore,
this study not only confirms the relevance of the machine learning approach to food security studies,
but also opens up space for further research that can integrate environmental variables, climate
change, and interregional trade dynamics into a more comprehensive prediction model.

4. CONCLUSION

This study confirms that rice food security in Indonesia still faces significant inter-provincial
disparities. The results of the analysis using the Random Forest Regressor algorithm show that supply-
side factors, particularly harvest area and rice production, are the main determinants of the food
security index, while demand-side factors such as price and per capita expenditure have relatively less
influence at the provincial level. This condition shows that there are surplus areas such as East Java,
Lampung, and South Sulawesi that support the national food system, as well as deficit areas such as
DKI Jakarta, Papua, and the Bangka Belitung Islands that are highly vulnerable to supply disruptions.
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These findings address the initial problem that even though government food programs are already in
place, disparities between provinces remain and have the potential to weaken national food self-
sufficiency. Furthermore, this study emphasizes that food is not only an economic and social issue, but
also a pillar of non-military defense. Dependence on certain provinces and imports creates serious
vulnerability if distribution channels are disrupted by disasters, conflicts, or global embargoes. Thus,
the application of machine learning-based predictive models such as Random Forest can serve as a
strategic instrument for mapping risks, anticipating vulnerable areas, and formulating more adaptive
food distribution and reserve policies. This is in line with the urgency outlined in the introduction,
that strengthening data-based food security prediction systems is urgently needed not only to support
the achievement of Zero Hunger (SDGs), but also to strengthen Indonesia's sovereignty and national
resilience amid global geopolitical dynamics.
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